BACKGROUND: Congenital fetal cardiac anomalies compromise the most common group of fetal structural anomalies. Several previous reports analyzed all types of fetal cardiac anomalies together without individualized neonatal morbidity outcomes based on cardiac defect. Mode of delivery in cases of fetal cardiac anomalies varies greatly as optimal mode of delivery in these complex cases is unknown. OBJECTIVE: We sought to determine rates of neonatal outcomes for fetal cardiac anomalies and examine the role of attempted route of delivery on neonatal morbidity. STUDY DESIGN: Gravidas with fetal cardiac anomalies and delivery >34 weeks, excluding stillbirths and aneuploidies (n ¼ 2166 neonates, n ¼ 2701 cardiac anomalies), were analyzed from the Consortium on Safe Labor, a retrospective cohort study of electronic medical records. Cardiac anomalies were determined using International Classification of Diseases, Ninth Revision codes and organized based on morphology. Neonates were assigned to each cardiac anomaly classification based on the most severe cardiac defect present. Neonatal outcomes were determined for each fetal cardiac anomaly. Composite neonatal morbidity (serious respiratory morbidity, sepsis, birth trauma, hypoxic ischemic encephalopathy, and neonatal death) was compared between attempted vaginal delivery and planned cesarean delivery for prenatal and postnatal diagnosis. We used multivariate logistic regression to calculate adjusted odds ratio for composite neonatal morbidity controlling for race, parity, body mass index, insurance, gestational age, maternal disease, single or multiple anomalies, and maternal drug use. RESULTS: Most cardiac anomalies were diagnosed postnatally except hypoplastic left heart syndrome, which had a higher prenatal than postnatal detection rate. Neonatal death occurred in 8.4% of 107 neonates with conotruncal defects. Serious respiratory morbidity occurred in 54.2% of 83 neonates with left ventricular outflow tract defects. Overall, 76.3% of pregnancies with fetal cardiac anomalies underwent attempted vaginal delivery. Among patients who underwent attempted vaginal delivery, 66.1% had a successful vaginal delivery. Women with a fetal cardiac anomaly diagnosed prenatally were more likely to have a planned cesarean delivery than women with a postnatal diagnosis (31.7 vs 22.8%; P < .001). Planned cesarean delivery compared to attempted vaginal delivery was not associated with decreased composite neonatal morbidity for all prenatally diagnosed (adjusted odds ratio, 1.67; 95% confidence interval, 0.85e3.30) or postnatally diagnosed (adjusted odds ratio, 0.99; 95% confidence interval, 0.77e1.27) cardiac anomalies. CONCLUSION: Most fetal cardiac anomalies were diagnosed postnatally and associated with increased rates of neonatal morbidity. Planned cesarean delivery for prenatally diagnosed cardiac anomalies was not associated with less neonatal morbidity.
Introduction
Congenital fetal cardiac anomalies comprise the most common group of fetal structural anomalies with incidence ranging from 8-12 per 1000 live births depending on the timing of diagnosis. 1, 2 An increasing number of congenital cardiac anomalies are being diagnosed prenatally. 3, 4 The increasing prevalence of diabetes and obesity, both associated with fetal cardiac defects, including a population-attributable risk of 4.2% for pregestational diabetes and 8% for prepregnancy obesity, has also contributed to a rise in fetal cardiac anomalies. [5] [6] [7] There is limited evidence regarding prenatal detection rates of fetal cardiac anomalies and neonatal outcomes, in part due to nonstandardized reporting of cardiac phenotype. Results of sonographic screening programs for fetal cardiac anomalies increased prenatal detection rate from 35. .7% in an international cohort. 8, 9 Previous reports have grouped all types of fetal cardiac anomalies together for analysis with varying degrees of neonatal morbidity. 10 Botto et al 11 proposed a classification scheme for fetal cardiac anomalies incorporating cardiac defect type, cardiac complexity, and extracardiac anomalies. Classifying by these categories allows for better evaluation of specific rates of prenatal detection and neonatal morbidity for fetal cardiac anomalies.
Mode of delivery in pregnancies with suspected fetal cardiac anomalies varies greatly. 12, 13 Depending on the severity of the cardiac lesion, the fetus may be unable to tolerate the stress of labor or may need urgent cardiovascular surgery. As the optimal mode of delivery in these complex pregnancies is still unknown, scheduled cesarean delivery (CD) for the indication of fetal cardiac anomalies is being performed. 12 In a retrospective review of infants with fetal cardiac anomalies, prenatal diagnosis decreased the likelihood of spontaneous labor compared to induced labor or planned CD. 14 Our objectives were to determine rates of neonatal outcomes for fetal cardiac anomalies by type of lesion and examine 
SMFM Papers
ajog.org the role of attempted route of delivery on neonatal morbidity using data from a large US obstetrical cohort.
Materials and Methods
We performed a retrospective cohort study on singleton and multiple gestations complicated by fetal cardiac anomalies that resulted in a live birth 34 weeks of gestation using data from the Consortium on Safe Labor, which has been described elsewhere. 15 Stillbirths and aneuploidies were excluded. The consortium included 12 sites (19 hospitals) across the United States with deliveries from 2002 through 2008. Maternal demographic data, labor and delivery information, birth records, and neonatal information were extracted from the patient electronic medical records and supplemented with discharge summary codes. Validation studies comparing discharge diagnoses in the electronic medical record with a manual review confirmed 91.1-99.9% concordance for 20 variables including attempted mode of delivery. 15 Among neonates delivered with cardiac anomalies, 98.3% delivered at an academic institution, 98.0% delivered at a tertiary care center, 98.3% had 24-hour neonatology coverage, and 96.5% had a level-3 neonatal intensive care unit (NICU). Institutional review board approval was obtained from each participating institution within the Consortium on Safe Labor and from our institution for data analysis.
Fetal cardiac anomalies were identified based on International Classification of Diseases, Ninth Revision (ICD-9) coding criteria (Appendix A). We determined prenatal diagnosis using antepartum condition ICD-9 description (0.03 modifier) or the comprehensive ICD-9 code for fetal anomaly affecting the antepartum period (655.0). Cardiac anomalies were grouped according to the congenital heart disease classification scheme proposed by Botto et al 11 to include cardiac defect morphology, complexity, and accompanying extracardiac defects. In cases of multiple fetal cardiac anomalies, the neonate was included in the most severe cardiac anomaly classification. The severity of cardiac defect was determined by a hierarchical list of highest to lowest rate of neonatal mortality.
The rate of cardiac anomalies diagnosed both prenatally and postnatally were determined and compared with rates of prenatal diagnosis reported from the literature. Rates of neonatal death, serious respiratory morbidity, NICU stay >72 hours, and 5-minute Apgar score <7 were calculated for each type of fetal cardiac anomaly. Serious respiratory morbidity was defined by the need for NICU admission for respiratory support requiring any of the following: oxygen therapy with nasal cannulae, continuous positive airway pressure, bilevel positive airway pressure, ventilator use, diagnosis of respiratory distress syndrome, hyaline membrane disease, pneumonia, apnea, bradycardia, pulmonary hypertension, pneumothorax, meconium aspiration, or pulmonary hypoplasia.
Gestational age at delivery, maternal age, prepregnancy body mass index, race, insurance, parity, CD history in addition to maternal diabetes, smoking, and drug use status were compared between attempted vaginal delivery and planned CD for all classifications of fetal cardiac anomalies. Attempted vaginal delivery was defined as spontaneous labor onset or labor induction. We chose attempted route of delivery instead of actual route of delivery as women who require CD in labor are more likely to have a higher maternal and neonatal complication rate, which should be analyzed with the attempted delivery group to limit bias. 16 We determined composite neonatal morbidity according to gestational age at delivery and attempted route of delivery for each classification of fetal anomaly. To better identify the role of prenatal diagnosis on attempted route of delivery and composite neonatal outcome, we analyzed fetal cardiac anomalies according to prenatal or postnatal diagnosis and attempted route of delivery. Composite neonatal morbidity included serious respiratory morbidity, sepsis, birth trauma, hypoxic ischemic encephalopathy/asphyxia/seizures, and neonatal mortality. 
Results
There were 2319 live-born neonates with fetal cardiac anomalies in the database. In all, 153 cases with aneuploidy were excluded. The final cohort included 2166 neonates representing 2701 total fetal cardiac anomalies ( Figure) . Of 2166 neonates, 69% had an isolated cardiac anomaly, 16.2% had >1 cardiac anomaly, and 14.8% had both a cardiac anomaly and extracardiac anomaly.
Rates of cardiac anomalies grouped according to the classification proposed by Botto et al 11 are presented in Table 1 . Most cardiac anomalies were diagnosed postnatally except hypoplastic left heart syndrome, which had a higher prenatal than postnatal detection rate ( Table 1) . Rates of neonatal death, respiratory morbidity, NICU admission >72 hours, and 5-minute Apgar score <7 varied among cardiac anomalies (Table 1) . Fetal cardiac anomalies with the highest neonatal mortality rate were double outlet right ventricle and other transposition of the great vessels, both with 25% neonatal mortality. Other specific fetal cardiac anomalies with high SMFM Papers ajog.org neonatal mortality rates included common truncus (20.0%) and hypoplastic left heart syndrome (16.1%). Neonates with double outlet right ventricle and total anomalous pulmonary venous connection had the highest rates of serious respiratory morbidity at >80%.
Overall, 76.3% of 2166 pregnancies with fetal cardiac anomalies underwent attempted vaginal delivery and 23.7% of 2166 underwent planned CD (Appendix B). Among patients who underwent attempted vaginal delivery, 66.1% of 1652 had a successful vaginal delivery. The majority of planned CD, 70.2% of 514, occurred at <39 weeks' gestation. In contrast, 51.6% of 1011 cases of spontaneous labor and 45.6% of 641 labor inductions occurred at <39 weeks' gestation.
We evaluated composite neonatal outcome by gestational age and attempted route of delivery for the most common fetal cardiac anomalies in our cohort (Table 2) . Composite neonatal outcome varied by completed weeks of gestation and was highest for most classes of fetal cardiac anomalies <37 6/7 weeks. Planned CD was not associated with a decreased risk of composite neonatal outcome for any type of fetal cardiac anomaly at any of the gestational age ranges included in our cohort.
Women with a fetal cardiac anomaly diagnosed prenatally were more likely to have a planned CD than women with a postnatal diagnosis (31.7 vs 22.8%, P < .001). Planned CD compared to attempted vaginal delivery was not associated with decreased composite neonatal outcome for all prenatally diagnosed (aOR, 1.67; 95% confidence interval [CI], 0.85e3.30) as well as postnatally diagnosed (aOR, 0.99; 95% CI, 0.77e1.27) cardiac anomalies.
Comment
The prenatal diagnosis of fetal cardiac anomalies remained challenging as most infants with congenital heart defects were not identified until after birth. Neonatal mortality and morbidity varied with specific fetal cardiac anomaly morphology. Attempted vaginal delivery in cases of fetal cardiac anomalies was associated with a 66.1% successful vaginal delivery rate. Planned CD for prenatally diagnosed fetal cardiac anomalies occurred at a higher rate than in postnatally diagnosed cases, but importantly, planned CD was not associated with a decreased risk of composite neonatal morbidity compared to attempted vaginal delivery.
The rates of neonatal outcomes by cardiac lesion type can help individualize patient counseling on neonatal outcomes. For example, among specific types of conotruncal defects, the neonatal death rate varied from 0% for complete transposition of the great vessels to 25.0% for double outlet right ventricle. This variation is crucial to determining the optimal center for delivery given the level of acuity and for patient counseling. Previous reports have attempted to document neonatal morbidity outcomes for fetal cardiac anomalies. 17, 18 The specific fetal anomalies and primary neonatal outcomes studied were limited and a comprehensive report across all classifications of fetal cardiac anomalies was not provided.
Obstetrician-gynecologists currently practice in an environment where decreased rates of CD are recommended. Investigation into alternatives and policies to decrease CD rates have been proposed by several national organizations. 19, 20 Our findings are consistent with previous studies reporting that planned CD for fetal cardiac anomalies are being performed. Dadlez et al 12 reported a decrease in scheduled CD for pregnancies with fetal cardiac anomalies after implementation of policies to decrease early term delivery in 2009 (49% vs 23%, P <. 001). However, fetal cardiac anomalies still served as an indication for planned CD at the end of the study period. In a study using data from the University of California Fetal Consortium, neonates with prenatally diagnosed cardiac anomalies were born earlier (38.1 vs 39 weeks; P < .001) and more often by planned CD (35.6 vs 26.2%; P ¼ .004) than neonates with postnatal diagnosis. 21 Our findings are also consistent with previous reports that mode of delivery for fetal cardiac anomalies may not affect neonatal outcome. In a cohort of 329 patients, Trento et al 14 found that prenatal diagnosis of congenital heart disease increased likelihood of planned CD (odds ratio, 2.6; 95% CI, 1.6e4.5; P < .001) but had no effect on Apgar score, neonatal intubation, or survival to discharge.
Limitations of our research include that it is a retrospective study from a large obstetric cohort developed using electronic medical records. We also determined cardiac anomaly classification with ICD-9 codes. One previous report studied the accuracy of ICD-9 coding for congenital heart disease and found the sensitivity of coding was 83% for tetralogy of Fallot, 100% for transposition of the great vessels, and 95% for hypoplastic left heart syndrome. 22 Therefore, our results should be interpreted with caution as evaluation of coding retrospectively may not reflect a complete, accurate diagnoses. We did not have information about the type of physician who performed the coding (obstetrician-gynecologist, maternal-fetal medicine specialist, or neonatologist) available in our database and, therefore, did not account for this in our analysis. We could not stratify differences in outcome Most common fetal cardiac anomaly classifications with rates of prenatal diagnosis and neonatal outcomes ajog.org SMFM Papers between planned CD and attempted vaginal delivery based on fetal cardiac disease severity (presence of accompanying fetal hydrops or fetal growth restriction) as this information was not consistently reported in our database. A post-hoc power calculation demonstrated we had 61% power to detect a difference in composite neonatal morbidity between attempted vaginal delivery and planned CD for prenatally diagnosed fetal cardiac anomalies. Given the rate of fetal cardiac anomalies in the population, amassing a larger sample size is difficult and is a limitation of our study. The strengths of our study include the large number of patients included (2166 neonates corresponding to 2701 fetal cardiac anomalies) and the implementation of a standardized classification scheme to document prenatal detection rates and neonatal outcomes for specific fetal cardiac anomalies.
Our study provides data for a multidisciplinary team of physicians to inform and counsel patients about neonatal outcomes for specific cardiac anomalies. We also successfully utilized a comprehensive classification system to better individualize patient care. We found that planned CD in cases of prenatally diagnosed fetal cardiac anomalies was not associated with decreased composite neonatal morbidity. Scheduled CD for the sole indication of fetal cardiac anomaly may not improve neonatal outcomes. An evaluation of neonatal morbidity by attempted route of delivery stratified by severity of fetal cardiac anomaly is needed to determine the optimal mode of delivery for fetal cardiac anomalies. .57
Data not shown for rare fetal cardiac anomaly classifications in our cohort: heterotaxy, complex defects, and atrioventricular septal defects (n ¼ 11). Data presented as n (%) unless otherwise specified.
CD, cesarean delivery. 
